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Basic Top Phgsics

. Top quarks at the Tevatron are dominantlg Pair~

Proclucecl via the strong interaction

. Quark/Anthuark annihilation (~85%)

e Gluon Fusion (~15%) g : 9 t
. Top quarks clecag through the weak interaction
intoab quark and a W boson 3 : rm._,t_
» Somuch Phase space, T ~10%¥ s ’
« No time to hadronize 9 I+

, Wt - < W - ’<
« We classncg our analgses based on the . q t v v

subsequent clecag of the two W’s

/
7

Experimental signatures will thus contain some combination of u&sjets, bjets, leptons and

missing energy clepencling on the clecag mode being analgzecl



CDFFll Detector ancl the e T

Tevatron )
« CDFllis well suited to ﬁnding and ! ’ R
measuring top quarks =T
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; x It also helps that, at this Point in Run 2, we have lots of datal!



How we measure toP cross-sections

e Most (but not a”) toP cross-section

measurements at CDF are simply countin
, P & Assumed to be top
experlments
.« Several important things to note: \
» Excess above backgrouncl is attributed Nops — Npk g

to top Time) = X (L + oLt
. Signal e‘?ﬁciencg and resultant cross-

section CICPCHCIS on an assumed mass

for the top quark
o All measurements have the same 6% Slight Mass

uncertaintg on their central Values due
Depen&ence

to the Precision with which we can

luminositg at CDF , ) )
6% Luminosity uncertainty



ToP Pair Production is simplg QCD, right?

« The Nobel for QCD has alreadg been given
out, so what are we testing with Tevatron
data?

e Since we measure “tol:)” as excess over
backgrouncl, a signiﬁcantlg high cross-section
relative to the SM expectation would indicate

new Plﬁgsics in our “top” sample such as
* Aresonance clecaging to tthar
. SuPersgmmetrg (e.g. stol:))
* A new hea\/g quark, 1T

e We also test the SM bg clﬁecking for

consistencg in our measurements across all
possible Cleca‘g modes Fellow Santa E)arbarian) David Gross

rcceiving his 2004 Prize



LePton + Jets Measurements: tf — bblg 1% q Cj /

CDF RUN Il Preliminary(695pb'1)

e Thisisthe “golden mode” for toP Phgsics
—e— Data
[ ]tt (8.2pb)
[ Non-W QCD
1000~ ' [ ] Diboson
B Single Top
[1Wc
I Wce
[ Wbb
[ Mistag

. Large branchingpraction (~30%)
o High S/B

1200

e Events are selected bg requiring:

Number of Events

e 1 (and onlg one) isolated lePton (e,l) with
pr>20Gev. N

* Missing E4 > 20 GeV

e 30r morejets with E+>15GeV, | of which
has been ]3~tagge& (seconclargwertex}

W+1jet  W+2jet  W+3jet  W+=4 jet
Jet Multiplicity

o = 8.2+0.6 (stat.) £ 1.0 (syst.) pb

( Note: Here the b~tag IS rea”g what clistinguishes toP from W-ljets backgrouncls )



More LePton + Jets Measurements: {f —s bE’Zﬂch’

e A Complementar9 Analgsis:

CDF Preliminary (760 pb™)

350: ----- multijet
o Similar event selection, but #’ ---------- W-ets
, 3001 —n
e Instead of a b~tag, exploﬂt —E — gomblned
L o data
kinematic differences between 8250_—5----- N 3
= -
top and W4jets S 200 Jets
@t multijet: 78.0 + 4.2 events
* Use a Neural Network trained 51 5ol Wijets:1698.1= 49.7 events
o 1 , > signal: 324.6 = 31.6 events
on 7cllstmgu15hmgvarlables :
1000 ]
* e.g Hy (scalar sum oﬁe’c, - TR
Iepton & missing energies) - Tt
. Diff . ful || SEESSDSS e e e W w AW DN ERE RN PR
Dirrerent systematics, userul in 0 0.1 02 0.3 04 05 0.6 0.7 0.8 0.9 1

combined results

Ot — 0.0 -

- 0.0 (stat.) 3

ANN output

- 0.9 (syst.) pb




Dilepton Measurements:

e Small Branching Fraction (~5%), m

« CDF has very good lePton ID 180}
. Doublg leptonic modes are therefore very 160 —
“clean” 140}

« No b~tag needed to attain reasonable S/B 120 |

 Events are selected bg requiring:

+ 2isolated leptons (e,W) with pr >20 GeV

2 or moreje‘cs with E4 > 15 GeV
Missing Ev > 25 GeV

Two lel:)tons must be oppositelg chargecl

and not Form al boson

Hy > 200 GeV

Ot — 8.3 -

tt — bb' lvlp
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Events
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CDF Run Il preliminary (750 pb™)
—a— Data
U Bkgd + 1o uncertainty

[ Jtt(c=8.3pb) ]
[ wwiwz _'
o 5
EDee ]

+

jet 1 jet >2jet HT>200+0S
Jet Multiplicity after Z veto, MET > 25 GeV and L-cut

- 1.5 (stat.) =

- 1.1 (syst.) pb



WW — (vlp

An inclusive Qilepton énalgsis: tt — bb' (ol

7 — 1t
. Dileptonic decags of toP Pairs are not the fi + W'W" + Z°_5t*r* (eys) CDF 2 Prelim. 360pb”
onlg source of two lepton events at CDF 140— i

. clecaging to taus
o« WW clecagingto |6Ptons

e Similar event selec‘cion, m
e NocutonN,

J
o Fit data for toP, WW, Z components

using the distinct event topologies

° Simultaneously measure cross-sections

For the th ree Processes

Ot

et

8.9

MET (GeV)

Num of Jets

55 (stat.) T8 (syst.) pb




All-Hadronic Measurement: tt — bb/qq C]C]

* Large branching fraction (~40%)

 Low s/ Ldt =1.02 fb!

* Large QCD backgrouncls
o Events are selected bﬂ requiring: CDF Run Il Preliminary

 No isolated leptons (e,)) and No . Data (1.02 fb™)

signiﬁcant Missing E+

Background

+ 6-8jets well separated (AR > 0.5) jets 600 = Background + signal (8.3 pb)

with E+>15GeV of which 1 has been
b~tagged (secondar9~vertex)

T | | 400}

. SIgnal like topologg using NN trained -
on 11 kinematic variables 300;_

- BEg 2, centralitgj aplanaritg, 2001

dﬁet & trijet masses

o = 8.3 £ 1.0 (stat.) 772 (syst.) pb




Search for TautLepton Mode: tt — bgl’rh Q47

* Very small branching fraction (few %) CDF Run Il preliminary

 Has not ge’c been observed [ ] top signal
3 [] tfakes
* Events are selected bg rec]uiring: [ Z-st,, *ets
—=— data (350 pb”'
e 1isolated lePtOﬂ (e, with pr> 20 GeV 12 (350pb )
e lisolated hadronic tau (1 or » Pronged)

with E4 > 15 GeV

N events

Missing B4 > 20 GeV

Zjets with E+>25 and 15 GeV

Hy > 205 GeV

Passes 7 =TT veto 100 150

lepton energy (GeV)

2 candidate events observed on a backgrouncl of 2./ Bk cychilis

( P~value of 15%, or 1 sigma excess consistent with the SM expectation )




Other CDF Measurements & Cross-checks:

o Additional measurements (which 1 don’t CDF Run Il Preliminary(695pb )

have time to cover) are Pcrxcormecl which % 120 Et??.?faa "
@ . 8p
serve as useful cross-checks o ] [ INon-W QCD
‘5 100~ [ Diboson
. LcPton+Jets with Double tags S g Single Top
) il I Wee
e Extremely high purit E [ Whb
remely high purity 3 : o
. chtont)cts with alternative b~tagging 60—
a[goritlﬁms i i
L, __ \ \,\:\\\\\+\\\\1\Y
NN, Loose, Ultra-—Txgl*xt, Jet- -
Probabilitg & Soft l_cpton Taggers B
. Dilcl:)ton with chtonﬂ'rack ol b : ‘ L
W+1jet  W+2 jet W+3jet W+=4 jet
Jet Multiplicity

. Acﬂs acceptance For taus

e E M5+ Jets Doublc:raggcd Results

o LcPton D notrequirccl O = 8.8 __i_i% (Sta,t.) t%g (syst.) pb



Combined Measurement:

« CDF has combined 6 of their
measurements in the clilel:)ton, lePton-ljets

ancl a” hadronic channels

lntegratecl luminosities of up to 760
Pl:)“ used

m, =175 GeV assumed

Best Linear Unbiased Estimator

methocl used to combine resul’cs

Correlations of statistical and

T | T T T | T T T | T T T
[ cacciari et al. JHEP 0404:068 (2004)
Kidonakis,Vogt PRD 68 114014 (2003)

*Dilepton
(L= 750 pb™)

*Lepton+Jets: Kinematic
(L= 760 pb™)

| T T T | T T T | T T T
Assume m=175 GeV/c’

CDF Preliminary*

8.3+1.5+1.0+0.5

6.0+0.6+0.9+0.3

‘Lepton+Jets: Vertex Ta% 8.2+0.6+-0.9+0.5

N\

sgstematic errors taken into account 0

(L= 695 pb™)
LeptorI1'+Jets: Soft Muon . 1.3
(L= 193 pb) / 5.3+3.3 +, ;0.3
"MET+Jets: Verte)l( ':I'ag | + +1 4 +
b\ %, 6.1:1.2 73+0.4
"All-hadronic: Vertex Ta// .8 0+1 7 +3.I:3+0 5
(L= 311 pb™) % Ul 22—
‘Combined
4 7.3+0.5+0.6+:0.4

(L= 76|o Pb") | | % (stat) = (syst) = (lumi)

2 4 6 8 10 12

14

o(pp — tt) (pb)

o = 7.3+£0.5 (stat.) £ 0.6 (syst.) 0.4 (lumsi.) pb

(The Precision of this measurement is comparable to the theoretical uncertainty in calculations of )




On the mass DePencJence of the Result

e o Jﬁ'rs’c orcler ’the mass dependence omc
12:.'\"I"'I"'I'"I"'I"'I"'I"'I"'IIII
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the CDF combined result as input to an

inverted SM calculation for o (my) we can Gacdiar ot 2l JVEP 0404068 (2004)
bound the top quark’s mass from our I Cacciari et al. = uncertainty !

2- e Kidonakis,Vogt PIM PRD 68 114014 (2003) |
cross-section measurements N I Kidonakis, Vogt 1P|

« | have done this with Cacciari et al, taking 1060 162 164 166 168 170 172 174 176 178 ‘!80
into account the theoretical uncertainty, Top Quark Mass (GeVic)

(show in green dashed arrows at right)
and find: A Précision of 4.5% on m,

my = 171,21’%:3 GGV/C2 simplg 139 Perxcormingcounting

N.B. Not an “official” CDF result CXPér’mentS BIOHC!



Summaxy & Conclusions

o CDF has Nnow has Nnow co”ectecl a sample o‘r" cla’ca with over 10x that usecl to

discover the toP quark

e The most recent analgses of this data are consistent with the hgpothesis that
the ttbar is being Producecl in accordance with exPectations from QCD

e The latest combined CDF result for the top Pair~Production cross~-section is:

o = 7.3+£0.5 (stat.) £ 0.6 (syst.) 0.4 (lumsi.) pb

e The Precision of this measurement is comparable to the theoretical uncertaintg

in calculations of o,



